Aims: Rivers are important corridors for the movement, migration and dispersal of aquatic organisms, including seeds from riparian plants. Although tropical dry forests (TDF) are among the most extensive and floristically rich ecosystems of tropical habitats, and the most globally endangered ecosystem, less attention has been given to riparian corridors within this ecosystem. Although most TDFs manifest peak seed dispersal during dry seasons, we hypothesized that riparian corridors may show a dispersal peak during the rainy season, due to an anticipated 'sweep or drag effect', resulting from river overflow and bank erosion. Our main aims were to investigate whether there were any differences in the seed communities transported by the river to sites in rainy as opposed to dry seasons, and to evaluate any possible relationship between the riparian seed community and river flow.
| INTRODUCTION
Success in the establishment of plants largely depends on their capacity for dispersal and the availability of suitable sites (Howe & Miritti, 2004) . Habitat fragmentation and deforestation, mainly due to the conversion of forest to agriculture, have reduced connectivity between natural areas, isolating smaller habitat patches and preventing new habitats from being colonized (Soomers et al., 2013 ). This is a major threat to biodiversity, increasing the risk of population extinctions (Fahrig, 2003) . Thus, seed dispersal in fragmented habitats has become a critical but delimiting process for the survival and persistence of plant species and populations at landscape and regional levels (Ozinga et al., 2009; Soons, Messelink, Jongejans, & Heil, 2005) .
Many studies highlight the important role of propagule dispersal by water (hydrochory; Boedeltje, Bakker, Bekker, Van Groenendael, & Soesbergen, 2003; Boedeltje, 2005; Jansson, Zinko, Merritt, & Nilsson, 2005; Gurnell, Boitsidis, Thompson, & Clifford, 2006) , focusing on the range of distances reached by water (Beltman & van den Broek, 2006; Groves, Williams, Caley, Norris, & Caitcheon, 2009; Levine, 2003; Soomers, Winkel, Du, & Wassen, 2010) and the connections created between natural and non-natural vegetation patches (Soomers et al., 2013) . However, we are only beginning to understand hydrochory, and large gaps still exist in our knowledge, particularly concerning tropical ecosystems. Many riparian seeds can be dispersed by both surface water and wind (Middleton, van Diggelen, & Jensen, 2006; Soons, 2006) ; wind often represents the initial dispersal stage that enables seeds to enter the water body. Water is an effective dispersal agent for aquatic seeds, non-aquatic herbs, shrub species and winddispersed tree species, extending typical wind-related seed shadows.
Interspecific differences in transportation distances are commonly related to seed characteristics (e.g. dry weight, maximum wing width) and to river systems (Säumel & Kowarik, 2013) . Most aquatic and non-aquatic riparian seeds have the capacity to float for long periods while remaining viable, thus contributing to their dispersal over long distances downstream (Barrat-Segretain, 1996) . Finally, spatial seed deposition patterns determine the local composition of the seed bank and dictate the outcome of regenerative processes (Grime & Hillier, 1992) , adult distribution patterns (Negi, Negi, & Singh, 1996; Nilsson, Gardfjell, & Grelsson, 1991) and maintenance of plant populations (Bonis & Lepart, 1994) .
Tropical dry forests (TDFs) are among the most extensive and floristically rich ecosystems in tropical habitats; and can be compared to their wet and moist counterparts in terms of their high plant species richness at some sites (Hubbell, 1979; Gentry, 1982 Gentry, , 1988 Janzen, 1988 ; Appendix S1). They also constitute the most endangered tropical ecosystem globally (Janzen, 1988; Trejo & Dirzo, 2000) . Mexican TDFs in particular have remarkably high floristic diversity and high levels of endemism, but suffer from alarmingly high rates of deforestation and lack of effective long-term plans for their management and conservation (Trejo & Dirzo, 2000) . In the State of Morelos, due to several factors, such as the expansion of human settlements and an increase in productive activities, Trejo and Dirzo (2000) estimated a 1.4% rate of annual deforestation. This is also a consequence of degradation and defective management of the State's hydrological resources and ecosystems, which has led to a decline in riparian ecosystem products and their commercialization, with associated negative impacts on local economies (Eufracio-Torres, Wehncke, López-Medellín, & MaldonadoAlmanza, 2016; Vargas, Soares, & Guzman, 2006) . Deforestation and anthropogenic flow regulation alter the natural flow regime of a river and subsequently the hydrochory and distribution of riverine plant communities (Greet, Cousens, & Webb, 2012 . So far, the conservation potential of rivers as dispersal and restoration vectors has been overlooked in Mexican TDFs; although they constitute the most extended and best represented tropical ecosystem in Mexico, occupying ca. 14% of the country, and 266,000 km 2 of Pacific slopes (Quesada et al., 2009; Rzedowski, 1991) .
The importance of hydrochory by rivers has been evaluated in several different geographic regions and climatic zones, including the tropical flood plain forests of Amazonia (Kubitzki & Ziburski, 1994) , clear water streams in alpine regions (Bill, Poschlod, Reich, & Plachter, 1999) , boreal environments (Andersson & Nilsson, 2002) , cold fragmented landscapes in the Netherlands (Boedeltje et al., 2003) and small river valleys in northern Germany (Vogt, Rasran, & Jensen, 2004 ), among others. Some studies have concentrated on the hydrochory of one or two species (Cornu, Ramahafaly, & Danthu, 2014; Craddock & Huenneke, 1997; Källström, Nyqvist, Åberg, Bodin, & André, 2008; Mahoney & Rood, 1998; Pollux, Verbruggen, Van Groenendael, & Ouborg, 2009 ); however, during recent years, knowledge about hydrochory and its ecological consequences at the plant community level has increased considerably (Middleton, 2000 ; for a review see Nilsson, Brown, Jansson, & Merritt, 2010) . Surprisingly, the TDF literature has not paid much attention to riparian habitats, or to the conservation potential of seed dispersal by rivers. In this markedly seasonal ecosystem, natural variability caused by river flows (flooding and small fluctuations) should be of central importance for sustaining the ecological integrity of riverine ecosystems and in determining the structure and composition of riparian vegetation (Greet, Webb, & Cousens, 2011; Greet et al., 2013; Poff et al., 1997) . study initiative will promote new avenues of research regarding plant establishment and succession.
K E Y W O R D S
dispersal patterns, ecohydrology, hydrochory, restoration, riparian vegetation, seed ecology, tropical dry forests
In the southern part of Morelos, Mexico, the Amacuzac River constitutes the largest basin, running through 80 km of the State and traversing a mixture of agricultural and TDF areas. Natural flows in the region are seasonal and variable, showing a common pattern of high levels during the rainy season (IMTA2016, accessed Jan 2016; https:// www.gob.mx/imta). Commonly, TDFs manifest peak seed dispersal during the dry season, but because rivers in this region commonly overflow during the rainy season our hypothesis is that seeds may be removed or washed away from riverbanks. We therefore expect to find higher abundance of seeds in the river during the rainy season compared to the dry season. Additionally, river volume increases downstream and thus, the area of seed "collection". We thus hypothesize that seed abundance and richness will fulfill the same pattern.
The main aims of this study were to: (i) investigate whether there were differences in the seed community transported by the Amacuzac River between rainy and dry seasons (abundance, richness and community);
(ii) investigate whether there were any differences between sites (seed abundance, richness and community); and (iii) evaluate whether any relationship exists between river flow and seed community dispersal.
| METHODS

| Study area
The Amacuzac River belongs to the Balsas basin drainage system, which is one of the largest rivers in southern Mexico, flowing into the Pacific Ocean (CNA, 1998; SPP, 1988 
| River transport of seeds
Sampling of seeds transported by the river was accomplished using 
| Study sites and sampling
For seed collection, we selected four bridges along the extension of the Amacuzac River in Morelos, where traps were placed. The sites were, 'Huajintlán' (H), at the headwater, followed downstream by 'Amacuzac' (A), 'El Estudiante' (E) and 'Xicatlacotla' (X), within the REBIOSH ( Figure 1 , Table 1 ). Approximate distances between consecutive sites in a straight line were H-A: 6.5 km, A-E: 8.3 km and E-X: 12.9 km. Following the river path, approximate distances were H-A: 9.6 km, A-E: 11.9 km and E-X: 27.02 km. All sites co- Subsequently, traps were removed, drift samples were collected and left to dry in the sun for an entire day. Once samples were dried, we separated the substrate from the seeds using a Hubbard # 548 six-screen sifter, and then stored seeds in dark and dry conditions. We identified seed samples, comparing them to the collection of specimens in the herbarium from the Center for Research in Biodiversity and Conservation (HUMO, CIByC-UAEM; Mora et al., 2015) .
| Data analysis
| The Amacuzac flow
In order to reveal the seasonality of Amacuzac River flow, we used data from a 10-year period (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) obtained from the hydrometric stations at each study site (IMTA 2016 , accessed Jan 2016  https://www.gob.mx/imta). We compared mean flows between study sites using a one-way ANOVA, evaluating assumptions about normality by conducting graphic inspections of residuals and applying Levene's tests for residual homogeneity of variances. To detect pairwise statistical differences, we used Tukey's multiple comparisons HSD (R Foundation for Statistical Computing, Vienna, AT). We also used dominance/diversity curves to visually display the relative abundances of species within the community for each season (Whittaker, 1965) . Abundances for each species per season were quantified at all sites in order to formulate rank-abundance curves (Wilson, 1991) .
| Seed community: Spatial and temporal variation of seed transport and relationship with flow
In order to evaluate whether there is any difference in the number of seeds and species transported by the river between two seasons at four sites, we used ANOVA for the two main factors and their interaction. Prior to analyses, we transformed the response variable to logarithm 1 + log 10 . After running the ANOVA we applied Tukey's multiple comparisons HSD to identify differences between groups and their interaction.
To test for relationships between seed community composition, locations, seasons and monthly flow data, we performed NMDS, using the Sørensen similarity index on square root-transformed abundance data as input matrix. Ordination was carried out using the 'metaMDS' function from the vegan package (v 2.4-1) in R. Subsequently, locations, seasons and river flow were fitted to the ordination and tested for significance based on a permutation test with 1000 iterations, using the function 'envfit' (in vegan). 
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| RESULTS
| Amacuzac flow
The hydrograph of the Amacuzac River indicates that mean flows (m 3 /s) contrast greatly between seasons (dry vs rainy season; Figure 2a ). Mean flows differed between sites (F 3, 15 = 11.8, p < .001; Figure 2b ), differences were significant between the downstream site of Xicatlacotla and all other upstream sites (all three comparisons with p < .001; Figure 2b ).
| Seed community: Spatial and temporal variation of seed transport and their relationship with flow
During the study period, all seed traps attached to bridges collected 909 seeds during a total of 144 hr (36 h exposure/site). We were able to identify 21 families, 22 genera and 45 species of seeds (constituting 90% of total species collected) floating on the Amacuzac River (Table 2) . Of these, four (9%) were exotic and 41 (91%) native species; Shaded cells correspond to the ten most abundant species. Species were classified according to their origin as: Native (N), exotic (E), terrestrial (T) and aquatic (A); and according to their growth form as: trees (T), lianas (L), shrubs (S) and herbs (H). Abundances of unidentified species were added together and classified as 'unidentified'.
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one (2%) was aquatic and 44 (98%) were terrestrial species (this includes herbs, shrubs and trees). Of 91 unidentified seeds, 30 were classified as a morpho-species because they could be distinguished as different. A group of 30 presumably different seeds (of a total of 91 seeds) were classified as morpho-species and could not be identified.
The most abundant family in our samplings was Taxodiaceae, with
Taxodium mucronatum representing 56% of total seeds collected, followed by Moraceae, Salicaceae, Solanaceae, Combretaceae, Fabaceae and Euphorbiaceae, together representing 23% of all families. Thus, T. mucronatum is the most represented plant species along the Amacuzac riparian corridor in Morelos, followed by Ficus insipida seeds (Moraceae), which were present in the river during the rainy and dry seasons. The Salicaceae, Solanaceae, Combretaceae, Fabaceae and Euphorbiaceae were present in either one or other season. The remaining 14 families represented 21% of total seeds collected ( Table 2 ). Regarding the habitat from which the collected seeds probably came, we have not found many allochthonous species in the Amacuzac River, although at least 14 exotic species are known to inhabit this riparian corridor (E. Wehncke, unpubl) , among which, we identified Annona squamosa, Solanum nigrum and Ricinus communis floating in the river.
General diversity of seeds transported by the Amacuzac River ranged between H' = 1.6-1.9; sites along the river were similar in seed species diversity and evenness (Table 3 ) throughout the entire study period. Although species richness was similar between rainy and dry seasons (30 and 33 species, respectively), seed abundance was three times higher in the rainy than in the dry season (637 vs 213, respectively). When we analysed the identity of both seed communities (rainy and dry) we found different arrangements of species for each season, with only eight species in common. The rank-abundance curve for the seed community of the rainy season was dominated by T. mucronatum (Ahuehuete), which is the most representative riparian species, and implies less evenness between species for the rainy assemblage, since most of the remaining species transported contributed a small number of seeds (Figure 3) . We found three times less evenness of seed species in rainy season samples.
When we evaluated the number of species collected between seasons at each study site, the general model ANOVA was significant and explained 46% of total variance (after transformation of data). We did not find any difference in the number of species in terms of the main factors, season (F 1,16 = 2.6, p = .13; Figure 4a ) and sites ( Results from the NMDS ordination of the seed community transported by the river (R 2 = .21, p = .005; Figure 5a ; Kruskal's stress-I of NMDS two-dimensional solution = 0.15, dispersion accounted for = 98%) and subsequent envfit analysis indicated significant differences between seasons, with higher seed abundances transported by the river in the rainy season; in contrast there were no differences in community composition between sites (R 2 = .18, p = .23). Finally, envfit analysis showed that community composition was associated positively with river flow (R 2 = .32, p = .02; Figure 5b ).
| DISCUSSION
We found that the amount of seeds dispersed by the Amacuzac River in Morelos, Mexico, was three times higher in the rainy season (Sept, Oct, Nov), when flow is larger than in the dry season. This result contrasts with the commonly described peak of seed densities and dispersal reported for the dry season (Nov-Apr) in Mexican TDF (Ceccon & Hernández, 2009; De León Ibarra, 2005) . We suggest that when the river overflows, it removes and sweeps out large amounts of sediment, together with high numbers of seeds from the soil seed banks to the water body of the river. Middleton (2000) has described this effect of dragging soil seed bank content, related to flood events in forested areas of the southeastern US. It is therefore not surprising that hydrochory should be higher during the period of largest flow volumes. This was true for our study, where seed numbers showed a peak at this time.
The abundance of seeds collected from the Amacuzac River (>900/144 hr) was comparable to that recorded by Vogt et al. (2004) , who used similar traps to collect 450 seeds in a 168-hr period from a river crossing a pasture ecosystem. Extrapolating, total seed abundance collected suggests that approximately 606 seeds would be dispersed per day and >220,000 seeds would probably be dispersed by the Amacuzac River per year (when no flooding is recorded). We also wish to point out that a group of 30 seeds were identified as different but difficult to identify, because they were very small. Identification of seeds by means of seed germination needs to improve in order to characterize the riparian plant community in these changing ecosystems as accurately as possible.
Although we found marked seasonal difference in seed abundance, seed diversity and evenness were both low among study sites along the Amacuzac River. Likewise, no differences in species richness seem to exist between the rainy and dry season. Comparing both rainy and dry season communities in visual terms, using rank-abundance curves, it becomes apparent that these species assemblages differed with respect to species abundances and dominance in each community. The dominance/diversity curve related to the rainy season community was dominated by T. mucronatum Ten. (Taxodiaceae), followed rainfall. In conformity with these ideas, it would appear that seeds tend to become trapped and establish in the most suitable places, such as in flood zones (Catterall, Lynch, & Jansen, 2007) , and therefore the assemblage of seed numbers and species may largely depend on varying local environmental conditions along the river.
Although the potential impacts of hydrochory for restoration and conservation at the matrix level (Stromberg, 2001 ) and particularly for TDF require further studies, viewing management of water courses and their surrounding territories in the State from the perspective of ecosystems would help towards adequate planning.
From an ecological perspective, dispersal influences the dynamics of plant populations, the distribution and abundance of species, and community structure; from an evolutionary perspective, dispersal determines the level of gene flow between populations, affecting processes such as local adaptation, speciation and evolution of life-history traits (Dieckmann, O'Hara, & Weisser, 1999; Wehncke, 2010) . Any kind of alteration to the natural flow regime of a river through flow regulation or by transformation of the riparian ecosystem could both alter dispersal patterns and also adversely affect the recruitment of native riparian species (Greet et al., 2012; Poff, Olden, Merritt, & Pepin, 2007) . A number of studies have addressed this problem, with most showing the impact of damming on hydrochory, because dams act as barriers to dispersal (Andersson, Nilsson, & Johansson, 2000; Jansson, Nilsson, & Renofalt, 2000) , while also altering the abundance and diversity of propagules that would be dispersed downstream (Brown & Chenoweth, 2008; Greet et al., 2012; Merritt & Wohl, 2006) .
Our study shows that the Amacuzac River disperses a different assemblage of species during each of the two seasons, with higher In the TDF of Morelos, Mexico, preconceived concepts dictate that main seed dispersal agents are first anemochory and subsequently zoochory, as the dry season is considered to be the time when a large number of fruits and seeds are available in the environment (Ceccon & Hernández, 2009) ; and this is true for most TDF. However, riparian habitats within TDF are commonly overlooked. To the naked eye, particularly during the dry season, the contrasting green colour of the riparian corridors is very noticeable. The moist microenvironment generated by the proximity of surface water, but even more due to subsurface and deep groundwater flows that emanate from springs in the region, may lead to very different ecological dynamics at these sites (Naumburg, Mata-Gonzalez, Hunter, Mclendon, & Martin, 2005) . This study aims to highlight the role played by rivers that traverse TDF as significant seed dispersal agents, describing seed communities during contrasting seasons along the river, while strengthening the notion of the relevance of natural river flows in determining the dispersal dynamics of seeds along riparian corridors (Nilsson & Svedmark, 2002) .
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